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Effects of nicotine on pregnancy. 4^ 
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^>5.’ Proposed starting date: h January 1, 19 76 v'V ^ 

'7$16. Estimated time to complete; *.. -3 years r . r v";“; -t ./•-%'. vV--o ♦ ••••.. •. v.vr.cJ- 1 : • 
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Brief description of specific research aims; Nico tine has been reported to exert 
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deleterious effects on pregnancy. Ni 
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Nicotine acts not only on the 


genital tract to alter its movement, but also on the pituitary :4 w 

<*-.,•"* ' fc ‘ .’i* ( ‘ CO 

^ gland to inhibit the secretion of luteinizing hormone and pro- 52 

‘ V % : ;: "• • - - ' <75.. 

: >.‘rlactin. Since these two hormones play important roles in stimu- 

lating ovarian hormone secretion, the deleterious effects of 
nicotine on pregnancy may be through the hypothalamo-pituitary- 
ovarian axis. The aims of the proposed research are to determine 
if nicotine exerts direct action on the genital tract-embryo and/or 
indirect action on the endocrine system and to clarify the mode 
•, of action of nicotine on pregnancy with particular emphasis on 
... hormone imbalance in the hypotha1amo-pituitary-ovarian axis ; 

4. ;V caused by nicotine. • ■ ■ 
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I, Brief statement of working hypothesis 

• * * Inhibitory action of nicotine on the secretion of luteinizing 

• ■■ ,x ■* - 

.•; . hormone may bo mediated by inhibition of release and/or production of 

*r '’gonadotrophin releasing hormone in the hypothalamus. Suppression of the 

• ... ycrr*vj*^ *V’'• 

secretion of luteinizing hormone and prolactin by nicotine will result 

: r ‘ 1 - :v v -. : * 

■ V v^in subnormal secretion of progesterone and estrogen by the ovary and 

\ \V* : V-*• *V *<r ^Vs * \ A • /:*' ■ r 

\''’ ^«'r.^norBal progress of pregnancy will be interfered. If nicotine acts 

. .. 

*»inly on the endocrine system, supplement of nicotine treated-an 

■■ '• • • . 

• * -A' ' i l _— ..j __—. _ 4-u«. /...«• a c c m. «*. a-f 


imals 

deleterious effects of nicotine 
direct effects of nicotine on 


‘ .* •. • ... 

genital tract and/or embryo will become obvious. *' * .'•* 

:'-^ys^-^k*r■ • * •• *•* • .* 

Details of experimental design and procedures (append extra pages as necessary) , . ' . . / ' ■ * 

■■ ■’'Zi&frk &i. In trodue t ion *V- ■' *f»> - .. , ► 

*« ■' ■’ ' - • * - • ■ 

Although cigarette smoking has been reported to exert 


delete rious 


r% '^^^5^* ■*** * vjr ’**•? ♦ . ^ 

effects on pregnancy (1,2), few analytical studies have been done on the 


^^'AC»ode of action of inhaled substances. It has not been determined whether 

_.. 



tes 


■ * ^ *** ’>*? ~ :. w :r * *• • 

; early pregnancy movement of cilia and muscle of the ge 


genital tract 


„ ^ facilitates transport of fertilized ova through the Fallopian tube and 

^.^^r^^location V of ova in implantation sites of the uterus. It has been shown 

■ >V*V'- ' • .V • • ■ w:;;.* V * s ’ 

that the cilial movement of the Fallopian tube and muscle contraction of 

• . - '5. ''J*® jj'.’.V'(IJi ^ jj*. .. . ». - g 

' i-the lallopian tube and the uterus are influenced by ovarian hormones, 

^ i-*T . .*.*.« . .-*• 

‘V estrogen and progesterone (4,5). Although nicotine alters the contractile 
p;;;; activity of the genital tract, the effect of nicotine is still influenced 

'’ii** * 1 ^ n * v *• • ■ * > ” * . 

’ijj.-by estrogen and progesterone (6). If a small amount of estrogen is admini 

. 4< h 

/■.$tered to pregnant mice while fertilized ova are in the Fallopian tube, 
transport of the ova is blocked and the ova are retained in the Fallopian 
tube for a prolonged period of time (7). Since nicotine affects contract! 
activity of the Fallopian tube (6), nicotine may alter the speed of ovum 


' - >*.*/•&• 
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'\^.C v trarisport resulting in its untimely arrival into the uterus. We have 

much evidence that asynchrony"of the ovum arrival and preparation of 'Sfrpk 

•*>»*. • • .. . . • ' • •• •" 

; : A>^i v "the uterus to receive the ovum often result in unsuccessful implanta- 

■“ ■ v-..,- Mm- 

tion of the ovum (8,9,10). Prolonged gestation period in nicotine treated 

:--Iv«--•v-i 1 ; .-r,,;--—w • -> • •T,:-r 

rats observed by Be^ 1 "— ~+ " n r7 ' u ~ J ** ~ *~ ~ Ja1 4 ~ 

• v* 1 *V4f } V' S'.*?£*./ • >}• V- ’ - • • *■>■" ' ■ 1 - * *- 
***•'■*'-* # :* J **- *'V' • <• • .• 

’ station: this phenom 


: V v>\ i 


v**r ' ';"**•***’ 


Becker et^ a^. (3) may be due to a delay in ovum implan- 

phenomenon is frequently seen in the rat whose estrogen 

(11) or reserpine o 


; 7^. secretion is hindered by agents such as tranquilizers 

•' • • • •••*••* ' • 

vvi^' :r :- (12) and under the condition of concurrent lactation(8) and stress (13) . 

*;..V “ *.•••••’• *■* ' .* -- - 

t has been shown that nicotine delays and suppresses the secretion 

; V’K ■ I 1 * * •' * * * '•■■■• * • CT - • ■ . • • * - * - r -V* 


-7 V 


V, 


of luteinizing hormone (14) and prolactin (15). Since these two hormones 
stimulate, with various combinations, progesterone secretion (18,19,20), 
suppression of luteinizing hormone and prolactin will reduce progesterone 
’secretion (19, 21). Luteinizing hormone has also been shown to stimulate 
) .estrogen secretion (22). When luteinizing hormone level is lowered by 
... neutral i zing with its antibody, estrogen secretion is supppressed (23). ; 

. ■: . . K - A -> . •’ . . • *« * *v» . 


^ study on placental transfer and 

;;///,;■ . fetus shows that nicotine concent ration in fetal circulation is higher /f : 

r -**V. A *.’V« - * u v • .. ..... ... - ...... - ... - v - ■■zbZ&tt-- 

***:•?? $* - : . .**• . . - .* ‘ ■ .- • **'• ***• - J * - 

and its clearance rate slower than those in the mother (24) . Thus direct .; 

effect of nicotine on the embryo cannot be eliminated. - # v ; 

7't. 1003546106 ; VS: 

In this proposed research we aim to analyze the effects of nicotine 
on pregnancy by determining which hormones in the hypothalamo-pituitary- 
ovarian axis are suppressed by nicotine. The obtained results will be 
correlated with deleterious effects of nicotine on other biological 
• parameters. During the first year we will concentrate our effort on • 

the period between ovulation and ovum implantation. Studies on later 

-■. ' '• ‘ ' • • ' • 


distribution of nicotine in the 

•- •• -. .' :r 



Source: https://www.industrydocuments.ucsf.edu/docs/fqdmOOOO 







J' ^' Experimental design 

? *... *rl__ 


k * | V! *** ^ ^ * . *' p '^4 V C 

f e rat will be used in this study as an experimental animal. 

>i*^ ^*>' “ ' ‘ : .;• - - v r ;V Vy ■ -v v' • >, *.••■*-,;v; * \ ‘ 

Pregnant rats treated with'various doses of nicotine will be sacrificed 

*••** •>• '••••-■ • • ■•••"• -' r; ; *:3§)8J$ 

6 rats in a group) at 3 hour intervals from day 0 to day 6 of pregn-®* 

_ • Vr ,,:: i.- v : _ ' 




c / to collect samples for measurement of hormones and other biological 
Viv^h^v'.parameters * The hormones to be measured are: gonadotrophin releasing ’V 
* %y’-V hormone (also called as luteinizing hormone releasing hormone)in the 
•.*-* ? *.*at hypothalamus; luteinizing hormone, follicle stimulating hormone and 
prolactin iiythe pituitary gland and serum; 


and ovarian steroid hormones 

■ - ■. 

'*■ \ ,in the serum (progesterone ,:ir20a-hydroxypregn-4-en-3-one,estradiol and 


ft - 

* , <» . \VT ’ 


vY 1 *'*: 


estrone) . * \ t v : ; ‘ 

• Other biological parameters are: location, appearance and viabi- 
. - ; ff - lity of ova; number of implantation sites in the* uterus; number and' 

: - weight of corpora lutea; and time of ovum implantation, By locating the* 

^ <*^;V 'ova in the genital tract at various stages of pregnancy, we can estimate 
the speed of ovum transport* Appearance of ova Cthe size and number'of 

vw /v blastomeres) will reveal their developmental stages or degree of degene* 

••vi . .. >'• - * j.-*■: i. V, •.-* •:* . -n--- *: •.. 

ration. The number of corpora lutea will be considered as the number iof 

'■> 'v ; - r • <■ •, AX -T\ .p: ■ ■•>■■>*•■*•- 

> ./* ova ovulated. This number will be used for calculation of the percentage 

•• ,■ * ' ' * - "• • .■ - ’ ‘ 

* <.; ; y of ova developed to various stages of embryonic development, liability 

of ova will be examined by determining their ability to develop after 
* /, transfer into the uterus of recipients (pseudopregnant rats). 

The mode of action of nicotine will be deduced from comparison 
of the secretory pattern of hormones with other biological parameters. 
The obtained conclusions will be tested by determining if compensation * 
of the reduced hormone will overcome the nicotine effect. If the hormone 


• .s : X> 

‘ * * rj> 

. * » V ‘ 4 

. J\} 
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Procedure 


.. :vv;c 1 •*r - .. 7 • ; v. '■ 1 . 






■ r^A.WvA-l ♦" Animals • • '••• 

Young adult female rats (60 days old) will be purchased from 

J 'V .7 . • . • • • • ■■-. ■•' ,* >. *■■ ■■ 7 •• ■■,■ *’■ 

^^^Charles River Breeding LaboratoriesWilmington, Mass.. The estrous 

• 7 * ’* 7* 7 * 7 ■*"' /-£;■;■ .7 ■ . -. ”. ,*v.* ‘ <K , v * •: *; 

cycles will be traced by vaginal smear method and the rats at pror 

. 4*s ■ • . - ‘. J - 5 *S7*I; .*• 

f ( * *' . .. 2- N *. * . * 4 -;, ■-'*■. ... • ■ . •'.*»' 

■ .:’ v v!^Vv’.estrous : stage will be placed with fertile males overnight. The vaginal 

• •VvV ; vi,V;smear will be examined in the following morning; those rats with sperma- 

• - 1 ';■■■ , ■■ •• • ; • . .* * ■ - - . -* -* .. 

. *^f^^;-,- : to zoa "are considered pregnant and this day will be designated as day 1 

.SS^°i,?^ egnancy '. •' ;••■ 7 ; ••• '.uijfc* 

, v 2♦ Treatment of rats with nicotine , • . •• . ' .7: ■.' r :-:frL; 

.,* |‘***V, \i'* /’ 7 . j‘‘~ *y‘ *- ,!.**/•, * » T 

' ' ;;•/ v ' From day 0 (the day of proestrus) the rats will be injected .77 

^ t 7 "subcutaneously twice daily (at 900 hr and 1800 hr) with high, inter- 7 
v V'mediate or low dose of nicotine (S, 1 or 0.2 mg/ day; namely 15, 3 or 
^ 0.6 mg nicotine tartrate) disolved in saline. Control rats will receive 


.. f ;v, the vehicle only ( 0.9% NaCl). 

' V^ !•. *:>*’ .*■ 

i *i ‘ '/.v • 

•v»v. 3. Collection of samples 


' ■ -'-s'' V* yv. -' 


V'.v j i v The rats will be sacrificed by decapitation at 3 hour intervals L 

, r ; i ** ** ^ .. ; . ‘ . , -v>". ' Vk..‘•. 1 i'.'-. '•*/•••-; ^ ;•. 

.. • ■: *• ■ ■ : : * 

7 r;^f r °ra 900 hr on day 0 till 900 hr on day 6 of pregnancy. Implantation 

'• of the ovum normally takes place in the afternoon of day 5* 

y- *'"% £v\ * * • '* 

. - *7 Immediately after decapitation blood will be collected from neck 

blood vessels. Serum will be separated by centrifugation after clot 

formation. The hypothalamus and pituitary gland will bjs collected 

from the head and will be frozen on dry ice as soon as possible. 

The ovaries. Fallopian tubes and uterus will be dissected out. The 

Fallopian tubes and the uterus will be flushed with saline for collect- 

i tion of ova according to the method previously reported (25) and to 

that of Dickmann (26). The number of ova and their size and appearance 

1003546108 . 
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» ^ ; v v (developmental stage or degree of degeneration) will be recorded. ' 

;s V• 4.‘ .. *w- • ... ..■■■>■■* • 

;^V; V vV^he numbers of corpora. lutea : .and implantation sites are also recorded. ^ 

-l r ./• “ v. * - v . •• * l, ‘* •* V-.- 


The sites of ovum implantation at very early stages (afternoon of day 

will be visualized hv a bine dve nn (7 7 } . * * 



1 ,vv* v;rH'v“~“—" 

* ■ $>,.v* ■*'* * * ~ * *’• * ■. * ....... . 

Gonadotrophin releasing hormone (GnRH) . 

* A radioimmunoassay method for GnRH reported in our earlier 

;•■> ifVv^V’V. m pub lications (28,29) will be used. The hypothalamic area which was 


ytm 

■ ■}:$*$%£ 


.*•„* U ; 


, ><'.* ■ 
♦ « . ♦* • 


♦V „ ur t \\Oi * 




out immediately after decapitation and kept frozen will be 
.V, : vhomogenized in 1 ml 0.2 M ice chilled acetic acid. The homogenate 

■ ..•*.'/■■ ./■“‘wi 11 be stored for 24 hr at 4 C and cenrifuged at 20,000 Xg for 1 hr. 

• ' ' • . ~V ! . 

. V. V a 7, Duplicate aliquots of 200 yl supernatant will be neutralized with ..,i.. 

V \'U'\ * **' " r • * ‘ ‘. *:*f% 

' . 200 yl 0.2M NH.OH. After addition of 400 yl 0.2M tris-acetate buffer 

k .. -A - 4 

125. 


.*!*. ,v ‘ 

’ ' i. 


CpH 7.3), 100 yl antiserum to GnRH (1:300-1:1,000), and 100 pi LjLO i- 


• GnRH, the mixture will be incubated for 4 hr at room temperature 

■ -• • ••• • ’ • '• •. /•'' •• •'•5-^4 

V.Z.;*\ and subsequently 44 hr at 4C. After incubation antigen-antibody . 

' complex will be separated by precipitation of unreacted labeled 

. 1 -** •:■?.i ?. •• " ‘.I ..-'??'’ .. "• 

with dextran T70-coated charcoal. The supernatant will be 

subjected for counting. .v v v ... • 

B.Pituitary hormones: luteinizing hormone(LH), follicle stimulating 
'hormone (FSH) and prolactin. 10035461 

LH, FSH and prolactin will be measured by radioimmunoassay 

M t h*>*(u* iV<l 

using NIA/MDD (National Institute of Arthritis ana^Digestive Diseases) 
kits. The pituitary will be homogenated in phosphate buffeXred 
saline. The tissue concentration in the homogenate will be 10 mg 
W wet weight/ml. The extract will be assayed for LH, FSH and prolactin. 

These hormones in the serum will be likewise assayed. ' 


’.tct 1 ■ 
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»,*1-*" <•' “ci■ „;. 

-* A : ,hT.>W~ n J *V ■ ?,* O'* • 


V* **••> * * 




>.•:■ :M.'nA k ; v...V'«.,' *■ *.* •■-*.. '-r, ■ W‘.-r VTM: - »,-i .* *" '* * ' v v*. ; >, • ^ 

» yv^\r;V *t?v*-A t* Vi ; V:A.;> > i v v>y-■:; *vYo £AV2-6 ' ‘ ^ A*;.*;* j *. '*.«.* • - •:‘ ; 

;::$k^ a-a/' ■.•#;«***•>■ v -oo'-.V- .' ; 


r/' ; *-*-' -t-iw ■ r>: S4v®5 

v. :*: *: VV. v >v;;'* 


,- o. •. . • .*; 

.• • * .' •"■ •* V, *^£,V ’ 

•* ■ «► ’ *.it; 

* . . . '.*•■ 

_ _ * I M-*4 


.C. Ovarian steroid hormones; 


Steroids in serum will be extracted with ether and progesterone/q? 

*h**V\ T ? }$i -'.-‘‘AV, K -. A :V • '*■ A I *.»‘i rr^v " v; ‘ '/ {i ; *. v. >, * ? . ■ .-. * ‘ _ • . * .. 

'5*^5^:;.':; 20a-hydroxypregn-4-en-3-one (20a-OH-P) , estradiol and estrone will be 

, i ;,> * * ‘ ■ ■ '* <■! ^' ; V*:*; * ’ ^- v . 10 ;* ^'' AAv- r - % A ■ *•■• . ' •’ :. '* * ' .* • • '•■ *■ ■*:. 

^-cV/V separ ated by Sephadex LH-20 column chromatography. 20a-OH-P will be 

^• v, **v-‘ :*»«•.••* .*♦*."■«■. hs *...*»*«» i'.i* # *<*v > • - O .>v - - - j, - “ .....v . ..-*-• 

^ **:\ .:■ ..■ ♦ . *■• •. . - • ■ .. .. 

converted to progesterone by chromic acid oxidation. In our study '•^‘A 


.‘‘.converted. to progesterone by chromic acid oxidation. In our study jvw-*. 

f Av’r^i'- 4 */ . ./ * . * i ' t '• -*•. . •!* .. • -* , t " r * ,./ t . .* - . •*_ ’ ' ‘ 

-^V'^/the values obtained for. 20a-OH-P by radioimmunoassay were within ’/vT 

l*sv^ ‘ ; * V ^ ,-*l ‘*'* ,, * t-A* 1 .- v* , •* .' V t ^ 

‘ the comparable range of those measured by gas liquid chromatography (19) . 

'.: 'S*>v., ; V* '/ " ^ v** '* }" i .% * v * * ^ ' • .■ * * ■■ . ’’X***?: 

: 5. Viability test * of ova \ ' ** 


>T'fe A,-7 • ? 


IT *• 

• i A/ 4 - - 

: A-. % 


;V Y* .In order to examine if_nicotine acts directly on the ovum and / v ' 

affects its later development, ova will be collected from the Fallopian 

* * , ’ 1 i ' ” • •' • ’ ’- * * ■ ■" ‘ • ' *' ’ ' * '* * ' ■.* * •>:' “ 

tube or the uterus of nicotine treated rats and transferred to un- y\. 

treated recepients according to the method described in an earlier 
publication (25). Pseudopregnant rats will be used as the recipients 
of the ova. Pseudopregnancy will be induced by mechanical stimulation 
of the uterine cervix on the day of estrus( the last day of vaginal r 

cornification is designated as day 1 of pseudopregnancy).' The day of 
.pseudopregnancy and the age of the ova will be synchronous.After -/v- 

;:->-• *. w*.--*vf.i ; 

transfer of thebva the recipients will be laparotomized on days 9, ' v 

14 and 19 of (pseudo-)pregnancy and number of implantation sites,and 


developing fetuses will be recorded. 

6. Hormone therapy of the nicotine treated rats 


1003546110 


From the data obtained from hormone measurement and other bio¬ 
logical parameters we will know which hormone is suppressed by nicotine 
at what stage of pregnancy. Since suppression of hormones at higher 
levels (hypothalamus and pituitary) will be reflected by suppression 
of ovarian steroids, nicotine treatment is expected to result in \/\/N 
a reduction of estrogen or progesterone. In order to find out if 
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~ vVf ~ w :1*.J*\. v«j%* \ **vv* " ~ ■ * ‘ V*T ' : -•%?**r£ ****** ..*■;. 
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.• i>tr-iP#sS\:?£~: •v-KK-'-y..*.:■■' ^ ; •••' ’- : = '•■A’-1 


V ’** V .-' • '? l- r: 




supplement of reduced hormone (s) will overcome the nicotine effect ,""^pK 

- V* •>• ■••■• ’-v-’v . $\. --'f-'. ;VA - -r > ; .' -' ->■ i$j®P 


• ,A --^VvFi es trogen and/or progesterone 'will be administered to nicotine treated 

r^>... • '• ■■ -•*• • 

/ ^ _ x. 1 m . j 1 i * _ >| 4 j *44 4 i. 1 « t rnl | ’ | 


■ :^ 4 »\vj'.V.xats and subsequent embryonic development will be studied. The dose 'A&i# 

-*•••-'* a-*-•• '••** '• : ' ■ '■' ' '•• • ■■- 

?fi : r% o£ hormones and period of treatment will be decided after obtaining 'Wkl' 

Wig ■ > ■■■ : — • -•.-'■• m 

v^A-.^'the data on hormone levels. , ' ' ' ••: ‘ ' ' • ! i'\ 

K.\ , , - *.* . s w . ... , ' • • .-P ' • v'\ . ; ‘ 

-■■• ; ^ . ' • • ."• • _,.r.WAX' 

' **V .'*» '.'**• I *' • .• * 1 1 *■ * * * K ■* * ,■ * ■ *. * * . . . * • ,*-*V 


*■•* '*•■■■-_ *<NV’v- 


. r>*. % *. i’. ’** * - •. , •• ■■. 
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'-10. Space and facilities available (when elsewhere than item 2 indicates, state location): ... * .v/t.'.'lvV'/• ;-X* 
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'V^ This research will be conducted at the. Laboratory of Human Reproduction 

‘* ‘ : ^.V- « \ V ". * ‘ . .• . * r * 

... and Reproductive Biology, Harvard Medical School, 45 Shattuck Street, ,v 

laboratory space (1 x 460 sq. ft; 
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Mi these'spaces we share one instrument room where 3 refrigerated cen- 
/ trifuges, 1 ultracentrifuge, 1 scintillation counter, 1 gamma counter, 
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V’;, ’ 1 lyophi li zer, 1 gas liquid chromatograph and 1 spectrophotometer are 

\ i-/. a avai 1 ab le for us to use. We also have sufficient space and cages to 

; * * * * * * " 4 ■ ■ • *.'*/*' ■ 

‘X;';' 1 *'X h°use U P to 360 rats at one time, which is more than adequate for v 

”v‘’7 r ‘the proposed research. Othier items of major equipment are fraction 

collectors, pH meters, balances, microscopes, electrophoretic ap- ^ 

. paratus, ovens, freezers and refrigerators. - ^ .V/ -. ; y 
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'* Major Research Interest : Endocrinology of female reproduction 

/. Role in Proposed Project : Principal Investigator . * 

Research and/or Professional Experience : 

Associate Professor of Anatomy (full-time) Harvard Medical School, 
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Research Associate in Anatomy Cfull~time) Harvard Medical School, : ;' r 
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by the rat ovary, uterine sensitivity and ovo-imp 1 antation. 
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Visiting Scientist (full-time), Agricultural Research Council, 

Unit of Reproductive Physiology § Bi o ch enfis t ry , University of *. 
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Staff Scientist (full-time). The Worcester Foundation for 
Experimental Biology, Shrewsbury, Mass. 1/15/63 - 10/31/64. 

... Research Project: Stimulatory effect of 3’5’-cyclic AMP and 
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13. Five publications pertinent to the proposed work; 


Yoshinaga, K. and C.E. Adams (1966) Endocrine aspects of 
egg implantation in the rat. J.'Reprod. Fert. 12, 583.' 

..,( relevant to egg transfer technique). . 

Yoshinaga, K. and R.O. Greep (1971) Local inhibition of ovo- 
implantation in the rat. Endocrinology 88, 627. 

( describes ovarian hormone regulation of uterine receptivity 
for ovum implantation) /• 

Yoshinaga, K. and J.J. Ford- (1974) Luteotrophic complex in 
, lactating rats. In. "Gonadotropins and gonadal function" 
EditorrN'.R. Moudgal, Acad. Press, New York, p.260. 

( gonadotrophin control of ovarian steroid secretion) 
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4) J.J. Ford and K. Yoshinaga (1975) The role of prolactin in the 

luteotrophic process of lactating rats. Endocrinology 96, 335. 

( drug effects on LH and prolactin and ovarian progestin secretion) 

5) M. Tak ah as hi , J.J. Ford, K. Yoshinaga and R.O. Greep (1975) 

Effects of cervical stimulation and anti-LH releasing hormone 
serum on LH releasing hormone content in the hypotha1amus . 
Endocrinology 96, 453. 

( method for GnRH measurement in the hypothalamus; also describes 
measurement of LH and ovarian steroids) *. t i 
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